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Periodic Discrete-Time Signals 


You said: 


© 


What i the condition for discrete time signals to be periodic? 


ChatGPT said: 


© 


For a discrete-time signal x[n] to be periodic, there must exist a positive integer N such that: 
z|n] = z[n +N] forall integers n. 


The smallest such positive integer NV is called the fundamental period of the signal. 


In mathematical terms, the condition for periodicity in a discrete-time signal can also be expressed as: 
x[n] = az|n+kN] for allintegers n and k. 


A key point to note is that VV must be an integer, and this distinguishes discrete-time periodic signals 
from continuous-time periodic signals. 


You said: 


© 


Sketch the following signal 
u(t)-u(t-2) 


ChatGPT said: 


© 


The signal u(t) — u(t — 2) represents the difference between two unit step functions, u(t) and 
u(t — 2). 


Understanding the Signal: 


e u(t): This is the unit step function, which is 0 for t < 0 and 1 fort > 0. 
e u(t — 2): This is a shifted unit step function, which is 0 fort < 2 and 1 fort > 2. 


Signal Behavior: 


e Fort < 0: Both u(t) and u(t — 2) are 0, so u(t) — u(t — 2) =0-0=0. 
e For0 <t < 2: u(t) = 1 and u(t — 2) = 0, so u(t) — u(t — 2) =1-0=1. 
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e Fort > 2: Both u(t) and u(t — 2) are 1, so u(t) — u(t — 2) =1-—1=0. 


Resulting Signal: 


The signal u(t) — u(t — 2) is a rectangular pulse that starts at t = 0 and ends at t = 2. It is equal to 
1 between these points and 0 elsewhere. 
I will now create the sketch for you. 


Plot of the signal u(t) — u(t — 2) 
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Here is the sketch of the signal u(t) — u(t — 2). As you can see, the signal is a rectangular pulse that 
starts at t = 0, ends at t = 2, and has an amplitude of 1 within this interval. Outside this interval, the 
signal remains at 0. 


You said: 


A signal x(t) has a fourier transform X(w)=2/(2 + w^2), then find x(t/2). 


ChatGPT said: 


© 


Given the Fourier transform X (w) = we need to find the signal x (§). 


2 
2+w2! 
Step 1: Identify the inverse Fourier transform 


The inverse Fourier transform of X (w) gives us the time-domain signal x(t). The Fourier transform 
X (w) matches the form of the Fourier transform of a decaying exponential, which is given by: 
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The corresponding time-domain signal for this transform is: 


A 
e- vB 


alt) = IE 


Step 2: Apply the given parameters 
For X (w) = 


2 ; 
tan we have: 


So, the time-domain signal x(t) is 

v2 

Step 3: Find z (+) 

Now, we need to find the signal x (4). 

(i) = 2 e 
2 

Final Answer: 


The signal æ (4) is: 


You said: 


© 


State the time shifting property of Fourier transform 


ChatGPT said: 


© 


2 1 
E 


To do this, substitute t with £ 
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Vile 


in the expression for x(t): 


2 
a Fi 


The time-shifting property of the Fourier transform states that if a signal z(t) has a Fourier transform 
X (w), then a time-shifted version of the signal, x(t — to), has a Fourier transform that is the original 


Fourier transform multiplied by a complex exponential factor. 


Mathematically: 


If z(t) has a Fourier transform X (w), then: 


z(t — to) BER, ae" 


Explanation: 
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e x(t — to): The signal x(t) is shifted in time by to. 


e X(w)e /%: The Fourier transform of the time-shifted signal is X (w) multiplied by a phase shift 
factor e 4%, where w is the angular frequency. 
This property indicates that a time shift in the time domain corresponds to a phase shift in the 
frequency domain. The magnitude of the Fourier transform remains the same, but the phase is 


altered by —wto. 


You said: 


© 


Determine the complex fourier series coefficients of the signal 
given by z{t) = sin^2t 


ChatGPT said: 

To find the complex Fourier series coefficients of the signal z(t) = sin?(t), we'll follow these steps: 
Step 1: Express sin’ (t) using a trigonometric identity 

The trigonometric identity for sin? (t) is: 


= = cos(2t) 


sin’ (t) 5 


So, the signal z(t) can be written as: 
Tai 
Au) = 55 cos(2t) 


Step 2: Express z(t) in terms of exponential functions 


F jO 658 ; ‘ : 
Using Euler's formula cos(@) = £ u , we can express the cosine term in exponential form: 


j2t | o-j2t 
cos(2t) = —— 


Substituting this into the expression for z(t): 


Mi 2 
Simplifying: 
1 e: i 
z(t) = 9 nee qo 


So, the signal can be rewritten as: 
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Step 3: Identify the Fourier series coefficients 


The complex Fourier series representation is generally given by: 


CO 
Aly) = DS Cc, eset 


n=— OO) 
where cp are the Fourier coefficients and wọ is the fundamental frequency. For z(t), the fundamental 


frequency wọ = 1 (since sin? (t) is periodic with period T = 7). 
From the expression: 


z(t) = xe = ze = ze 
We can identify the Fourier coefficients Cp: 
1 i i 
co = z’ C2 = =F C_2= a 
For all other n, Cn = 0. 


Final Answer: 


The complex Fourier series coefficients of the signal z(t) = sin“ (t) are 


and c,, = 0 for all other values of n. 


You said: 


© 


Why the Fourier series expansion of the signal f(t)=tan(t) is not possible? 


ChatGPT said: 


© 


The Fourier series expansion of a signal f (t) = tan(t) is not possible because the function tan(t) is 
not periodic and has singularities within any finite interval. 


Key Points: 


1. Periodicity: 


o For a Fourier series expansion to exist, the signal must be periodic. The function tan(t) has 
a period of m, but it is undefined at t = 5 + nr for integer n. These points correspond to 
vertical asymptotes where the function tends to oo or —oo. Due to these discontinuities, 
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tan(t) cannot be considered a well-behaved periodic function over any interval that 


includes these points. 
2. Discontinuities/Singularities: 


o Fourier series requires the function to be integrable over a period. The function tan(t) has 
infinite discontinuities (vertical asymptotes) at t = 5 + nm. This causes the function to 


have infinite values within every period, making it impossible to represent as a Fourier 
series. The presence of these singularities means the integral of tan(t) over any interval 


that includes an asymptote is not finite. 
3. Non-Integrability: 


o Fourier coefficients are determined by integrating the product of the function and complex 
exponentials over one period. Due to the vertical asymptotes in tan(t), these integrals do 


not converge, and therefore, the Fourier coefficients cannot be defined. 


Conclusion: 


The function f(t) = tan(t) does not satisfy the necessary conditions for Fourier series expansion, 
such as being periodic without singularities and being integrable over a period. Hence, the Fourier 


series expansion of tan(t) is not possible. 


You said: 


© 


A signal x( t) has a fourier transform X(w) = 12/(12 + w42), then find the derivative of x(t). i.e. d/dt 


x(t). 


ChatGPT said: 


© 


Given that the Fourier transform of x(t) is: 


12 
AON TE 


we are asked to find the Fourier transform of the derivative 4 x(t). 
Step 1: Fourier transform of the derivative 


The Fourier transform property for the derivative states: 


This means that the Fourier transform of Z(t) is jwX (w). 
Step 2: Compute the Fourier transform of 4 x(t) 


Using the given X (w): 


Printed using Save ChatGPT as PDF, powered by PDFCrowd HTML to PDF API. 


6/7 


G Open 
d : 12 
Fi ca} SO ae 
Step 3: Inverse Fourier transform to find 2 x(t) 
12 


12+w2 
is associated with a time-domain function, and the multiplication by Jw corresponds to 


Now, we need to determine the inverse Fourier transform of jw - To do this, we recognize that 


12 
the term aw? 
the differentiation in the time domain. 

We know that the inverse Fourier transform of: 


i 
12+ w? 
is: 
a(t) =e Vel 


where the coefficient and the time-domain representation match that of a decaying exponential. 
Since the Fourier transform of jwX (w) is the time-domain derivative: 


g10 40%) 


Step 4: Compute the derivative 


Given that z(t) = e~ V12\t| the derivative is: 
For t > 0: 


Fort < 0: 


dt 
Final Answer: 
The derivative 4a (t) is: 
d (t) —J/12e-V", fort > 0 
—r — 
dt J/12e¥ 1%, fort < 0 


ChatGPT can make mistakes. Check important info. 
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